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ABSTRACT A 
I n  order  t o  determine the  d r iv ing  and c o n t r o l l i n g  mechanisms which 

predominate i n  t h e  ionosphere, a s e r i e s  of contour maps were drawn 
from IGY data  taken a t  s t a t i o n s  ly ing  approximately along the  seventy- 
f i f t h  meridian.  An a t t e m p t  was then made t o  i n t e r p r e t  t he  anomalous 
behavior of t he  F2 peak of the  ionosphere i n  t h e  v i c i n i t y  of t he  geomagnetic 
equator .  I f  one assumes the  ex is tence  of an e q u a t o r i a l  e l e c t r o j e t  and 
f u r t h e r  assumes t h a t  t h e  magnetic f i e l d  which is a s soc ia t ed  with t h i s  
e l e c t r o j e t  i s  s u f f i c i e n t  t o  pe r tu rb  the e a r t h ' s  main magnetic f i e l d ,  
e l e c t r o n s  may be de f l ec t ed  away from the  geomagnetic equator .  Further-  
more, i f  t he  atmosphere tends t o  expand and c o n t r a c t  d i u r n a l l y ,  ions  
and e l e c t r o n s  may be de f l ec t ed  i n t o  regions a t  t imes which could account 
f o r  t h e  noc turna l  i nc rease  i n  e l ec t ron  dens i ty  no r th  and south of the  
geomagnetic equator .  Spec ia l  emphasis i s  placed upon t h i s  noc turna l  
i nc rease  i n  e l e c t r o n  dens i ty ,  and when i t s  seasonal  v a r i a t i o n  i s  
inves t iga t ed  one f i n d s  t h a t  t he  phenomenon i s  g r e a t e s t  during and 
around the  months of equinox and l e a s t  so dur ing  and around t h e  months 
of s o l s t i c e .  *L 
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SUMMARY 

A series of graphs ind ica t e s  the geomagnetic anomalies as they appear  
a long  approximately 80" W longitude. The f i r s t  se t  d e p i c t s  contours  of 
cons t an t  frequency of foF2, t he  c r i t i c a l  frequency a t  the F2 peak, ve r sus  
l a t i t u d e ,  30"s t o  30°N, and l o c a l  s tandard  t i m e ,  0000 hours t o  2300 hours ,  
based on measurements a t  a series of IGY s t a t i o n s  along t h i s  meridian 
dur ing  the  months of March, Ju ly ,  September, and December, r e spec t ive ly .  
Since the  r e f l e c t e d  wave frequency i s  d i r e c t l y  r e l a t e d  t o  the  square r o o t  
of t h e  e l e c t r o n  d e n s i t y  by the  physical  equat ion,  

where N i s  the  e l e c t r o n  dens i ty  in  e l e c t r o n s  per  cm3, is  the  p e r m i t -  
t i v i t y  of f r e e  space,  m i s  the e l ec t ron  mass, e i s  the e l e c t r o n  charge,  
w i s  the  angular  frequency of the  wave, and f i s  the "plasma resonance 
frequency" i n  Mc/sec, then, the  contours may be i n t e r p r e t e d  as contours  
of cons tan t  e l e c t r o n  dens i ty  in  order t o  i l l u s t r a t e  more e a s i l y  the geo- 
magnetic anomalies. The e l ec t ron  dens i ty  p r o f i l e s  e x h i b i t  both d i u r n a l  
and seasonal  anomalies. The primary d i u r n a l  anomaly appears as an  i n t e n s i -  
f i c a t i o n  of maximum e l e c t r o n  dens i ty  a t  approximately 20" south and no r th  
of t he  geomagnetic equator between the  hours  of 2000 and 0000, LST. The 
secondary anomaly i s  manifested i n  a l a t e  morning o r  e a r l y  a f te rnoon rever -  
sa l  i n  t h e  e l e c t r o n  dens i ty  grad ien t ,  & N / a t ,  a t  t he  geomagnetic equator  
during the  sp r ing ,  summer and f a l l  months which forms a depression i n  the  
ionosphere a t  approximately the geomagnetic equator .  A comparison of the 
sets  of graphs shows the  ionosphere t o  be much more a c t i v e  during the 
months of t he  equinoxes than during t h e  months of the s o l s t i c e s .  The 
second se t  shows contours of constant  he igh t  of t he  c r i t i c a l  frequency 
of t he  F, l a y e r  ve r sus  l a t i t u d e  and l o c a l  s tandard  time. The h e i g h t  of 



t h e  c r i t i c a l  frequency of t he  F2 l a y e r  e x h i b i t s  an anomalous behavior  a t  
the  geomagnetic equator  during the  e a r l y  evening hours.  An unusual ly  
high a l t i t u d e  is  found t o  e x i s t  f o r  the  F2 peak a t  approximately 1800 
hours t o  2000 hours ,  LST. 

The f i n a l  s e t  of graphs d e p i c t s  contours  of cons tan t  e l e c t r o n  d e n s i t y  
versus  l a t i t u d e  and h e i g h t  f o r  a t y p i c a l  hour f o r  each of the  months of 
March, J u l y ,  September, and December. These graphs show an  anomalous 
reg ion  of maximum e l e c t r o n  d e n s i t y  approximately twenty degrees  n o r t h  of 
the geomagnetic equator .  

The ar t ic le  p resen t s  a s o l u t i o n  t o  these  anomalies based on the  
assumptions t h a t  (1) a geomagnetic r i n g  cu r ren t  ( e l e c t r o j e t )  d i s t o r t s  
t he  magnetic f i e l d  l i n e s  of fo rce  a t  t he  geomagnetic equator ,  and (2) 
thermal expansion and con t r ac t ion  i n  t h e  ionosphere produces a component 
of v e l o c i t y ,  perpendicular  t o  these  l i n e s  of fo rce .  

Some measurements have a l r eady  ind ica t ed  t h e  poss ib l e  ex i s t ence  of 
a cu r ren t  stream a t  the  assumed pos i t i on ;  however, many more r e f i n e d  
inves t iga t ions  are r equ i r ed  i n  t h i s  reg ion  t o  determine the exac t  na tu re  
of the  per turbing cu r ren t ,  and t o  v a l i d a t e  the  remaining assumptions.  

SECTION I. INTRODUCTION 

For many years  the  ionosphere has  been under i n v e s t i g a t i o n  t o  d e t e r -  
mine the  dr iv ing  and c o n t r o l l i n g  mechanisms involved. I n  t h i s  a r t i c l e  
the  au thor  intends t o  suggest  a s o l u t i o n  t o  the  geomagnetic anomaly by 
assuming a n  i n t e r a c t i o n  of two mechanisms. These two mechanisms a r e  
(1) a hypothet ical  geomagnetic r i n g  c u r r e n t ,  and (2)  thermal expansion 
and cont rac t ion  of t he  ionosphere. By these  mechanisms one may success-  
f u l l y  expla in  the  he igh t  and e l e c t r o n  d e n s i t y  p r o f i l e s  found i n  the  equa- 
t o r i a l  region,  w i th in  230 degrees of t he  geomagnetic equator .  

SECTION 11. THE IONOSPHERE I N  THEORY 

I n  t h e  ionosphere, e l e c t r o n s  a r e  produced predominantly by photo- 
i o n i z a t i o n  of t he  n e u t r a l  molecules o r  atoms present .  When e l e c t r o n s  
and ions are produced,a quantum of s p e c t r a l  i n t e n s i t y  i s  l o s t .  I f  we 
l e t  -dI  represent  t h i s  quantum of l o s t  i n t e n s i t y  and q r e p r e s e n t  the  sub- 
sequent number of e l e c t r o n s  produced, then 

- d I  N 4. 
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The l o s s  of i n t e n s i t y  of spec t r a l  i r r a d i a t i o n ,  -dI ,  a t  some h e i g h t  
Z, i n  t he  atmosphere i s  i n  tu rn  dependent upon the  p reva i l i ng  condi t ions  
a t  Z. The c o e f f i c i e n t  of absorpt ion,  0, as w e l l  as the  dens i ty ,  p, of 
the  gas  t o  be ionized must be taken i n t o  account.  W e  a l s o  know t h a t  t h i s  
s p e c t r a l  i n t e n s i t y  i s  diminished more as  i t  passes  through a correspond- 
ing ly  t h i c k e r  l a y e r  of atmosphere. 
zen i th  angle ,  X, of t he  sun. Therefore,  i f  w e  have a s p e c t r a l  i r r a d i a t i o n  
of i n t e n s i t y ,  I, inc iden t  upon a layer  of gas  wi th  a n  increment th ickness ,  
dz, then 

A s  a r e s u l t ,  we must consider  the 

- d I  = I u p s e c  X dz. (2) 

With t h e  foregoing r e l a t i o n s h i p s  f i rmly  entrenched i n  our minds, we 
may now a t tempt  t o  examine the r eac t ions  which should occur i n  the  iono- 
sphere  and t h e i r  subsequent r e s u l t s .  

F i r s t ,  we assume t h a t  the ea r th  i s  a sphere wi th  a symmetrically 
n e u t r a l  gas  envelope surrounding i t ,  and the  sun i s  a remote lamp which 
t u r n s  on and o f f  c y c l i c a l l y .  
i l l umina t ion  which a r e  capable of photoionizing our n e u t r a l  gas  envelope. 
Now, i f  we examine the  sphere and a t tempt  t o  determine how e l e c t r o n s  a r e  
arranged over the  sphere,  we should f i n d  t h a t  the maximum e l e c t r o n  d e n s i t y  
inc reases  as we approach the  sub-solar po in t  from any d i r e c t i o n .  We should 
thus expect  t o  f i n d ,  a t  the  equinox,for i n s t ance ,  t h e  maximum e l e c t r o n  
d e n s i t i e s  i n  the  v i c i n i t y  of t he  e a r t h ' s  equator  a t  noon l o c a l  s tandard  

t i m e .  

This lamp provides  c e r t a i n  components of 

I f  we now a t tempt  t o  measure the he igh t  of the maximum e l e c t r o n  
d e n s i t y ,  we f i n d  t h a t  even though the i n t e n s i t y  of our r a d i a t i o n  i s  
pene t r a t ing  deeper i n t o  the  atmosphere a t  the  sub-solar  po in t ,  a t tempt-  
ing t o  lower the he igh t  of maximum e l e c t r o n  d e n s i t y ,  the atmosphere a l s o  
tends t o  bulge a t  t h i s  po in t  due to hea t ing  and counterac ts  t h i s  e f f o r t ,  
Therefore ,  the  he igh t  of the  maximum e l e c t r o n  d e n s i t y  should reach  some 
cons tan t  in te rmedia te  (low r e l a t i v e  t o  the  n igh t  he igh t )  a l t i t u d e  a t  
which it remains during the  day. 

Now, w e  w i l l  a l low our e a r t h  model t o  s p i n  about  i t s  a x i s ,  and 
endeavor t o  determine t h e  expected r e a c t i o n  along a long i tud ina l  meridian.  
We w i l l  a l s o  al low the  model t o  be i l lumina ted  by the  lamp cons t an t ly .  

A s  t he  sphere r o t a t e s  i n t o  the l i g h t  source,  t he  e l e c t r o n  d e n s i t y  
r a p i d l y  increases .  The e l e c t r o n  dens i ty  i s  more predominant a long the  
l i n e  where X i s  always a minimum. A t  the  same t ime, the  he ight  of maxi- 
mum e l e c t r o n  dens i ty  moves c lose r  i n  toward the  e a r t h ,  s ince  the  r a d i a t i o n  
p e n e t r a t e s  f u r t h e r  i n t o  the  denser atmosphere. 
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A t  some t i m e  a f t e r  noon,a t i m e  i s  reached where the product ion of 
e l e c t r o n s  i s  exac t ly  equal t o  the  l o s s  of e l ec t rons  by t h e i r  recombina- 
t i o n .  Following t h i s  the  e l e c t r o n  dens i ty  g radua l ly  begins t o  decrease  
on i n t o  and through the  n i g h t .  

A t h i r d  equat ion which i s  used t o  expla in  the  ionospher ic  behavior 
i s  t h e  following w e l l  known equat ion of con t inu i ty ,  

a N  
a t  - =  q - L - d i v  (Na, (3)  

which s t a t e s  t h a t  the  time ra te  of change of e l e c t r o n  d e n s i t y ,  N ,  depends 
upon the  production of e l e c t r o n s ,  q ,  less the  l o s s  of e l e c t r o n s  by (a) 
recombination, L,  and (b) by t h e i r  motions,  d i v  (Na. 

SECTION 111. DISCUSSION OF PROBLEM 
* 

Figures  1-4 i l l u s t r a t e  the contours  of cons tan t  frequency o r  e l e c t r o n  
dens i ty ,  s ince  they a r e  d i r e c t l y  dependent, of t he  F2 peak as determined 
f o r  a g iven  meridian.  Table I l i s t s  the  s t a t i o n s  used [ 2 ] .  

In  genera l ,  the d iu rna l  v a r i a t i o n  i n  e l e c t r o n  d e n s i t y  i s  e a s i l y  
explained.  In  the morning a N / a t  > 0, and the  contours  of e l e c t r o n  
dens i ty  a r e  f a i r l y  c lose ly  spaced due t o  the  a p p l i c a t i o n  of i r r a d i a t i o n ,  
and subsequent rap id  increase  of e l e c t r o n s  due t o  photo ioniza t ion .  

Af t e r  about 1000 hours LST, a N / a t  becomes l e s s  p o s i t i v e  wi th  only 
a s l i g h t  increase i n  e l e c t r o n  dens i ty  u n t i l  approximately 1500 hours LST. 
It i s  found, however, t h a t  a t  the geomagnetic equator  the daytime maximum 
e l e c t r o n  dens i ty  (Nmax) i s  l e s s  than on e i t h e r  s i d e .  

Obviously, q w i l l  n o t  o r d i n a r i l y  decrease as the zen i th  angle  of 
the sun increases  ( s ince  i t  is  r e l a t e d  t o  -dI  i n  equat ion 1), and s i n c e  
L i s  thought t o  be t o t a l l y  dependent upon N ,  the  r e l a t i v e l y  low daytime 
Nmax a t  the  geomagnetic equator  i s  considered t o  be an  anomalous behavior .  
The divergence term i s  of use i n  accounting f o r  t he  ga in  o r  loss  of e l e c -  
t rons  i n  a region by means of t h e i r  motion, and subsequent ly  becomes very  
important i n  t h i s  region.  

A s  evening approaches,  a N / a t  < 0,  and the e l e c t r o n  d e n s i t i e s  begin 
t o  decrease  because of the l o s s  of i on iz ing  r a d i a t i o n .  It i s  immediately 
no t i ceab le  tha t  a maximum nocturna l  bui ldup of e l e c t r o n s  occurs  no r th  of 
the geomagnetic equator a t  approximately 2200 hours LST followed by a 
s i m i l a r  occurrence south of the  equator  approximately two hours l a t e r .  
This behavior i s  not  a t  a l l  i n  keeping wi th  the  con t inu i ty  equat ion and 
i s  one of the main anomalies i n  the  ionosphere.  

4 



The f a c t  t h a t  the  above mentioned anomaly is  predominant during and 
around the  months of equinox, and is l e a s t  observable  during the  months 
of s o l s t i c e ,  i s  e a s i l y  explained when one cons iders  t h a t  t he  ion iz ing  
r a d i a t i o n  is  propor t iona l  t o  s e c  X (equat ion l ) ,  and a t  t h e  geomagnetic 
equator  t he  sun is  more d i r e c t l y  overhead i n  the  months of the equinoxes. 

F igures  5-8 are contours of he ight  of maximum e l e c t r o n  d e n s i t y  
h(Nmax) 

Af t e r  s u n r i s e  the a l t i t u d e  of maximum e l e c t r o n  dens i ty  becomes 
lower as the  lower and denser  atmosphere i s  ion ized .  
e s s e n t i a l l y  cons tan t  throughout the midday hours  (from about  1000 hours 
t o  about  1500 hours ) .  
i r r a d i a t i o n  decreases ,  s i n c e  it m u s t  p e n e t r a t e  more atmosphere t o  reach 
t h i s  po in t .  
of the  geomagnetic equator .  An extremely h igh  a l t i t u d e  f o r  (Nmax) a t  the  
geomagnetic equator  occurs  sho r t ly  a f t e r  sunse t .  This  anomaly appears  
t o  be the  most predominant i n  the  win te r ,  and l e a s t  so  i n  the  summer. 
Almost immediately upon reaching a maximum the  he igh t  begins  t o  decrease ,  
and the he igh t  anomaly d isappears  i n  about two hours.  

This  h e i g h t  remains 

A s  the sun approaches the  horizon,  the  ion iz ing  

The major he igh t  anomaly occurs  i n  the  approximate l o c a t i o n  

During the  remainder of the n ight  t he  he igh t s  a r e  reasonably s t eady  
from hour t o  hour,  a l though they a r e  h igher  than the  daytime s teady  s t a t e .  

Figures  9-12 were constructed using da ta  obtained from the s t a t i o n s  
l i s t e d  i n  Table I1 [17-191. E s s e n t i a l l y  they r ep resen t  a v e r t i c a l  c ros s  
s e c t i o n  of F igures  5-8 using contours of e l e c t r o n  d e n s i t y  i n  electrons/cm3. 

The main dra.wback of maps of t h i s  kind i s  t h a t  only one p a r t i c u l a r  
hour f o r  one month may be i l l u s t r a t e d  per  graph. I n  order  t o  avoid an  
avalanche of graphs,  only one hour of one day f o r  each month i n  the  
nor thern  hemisphere f o r  the  four  months (March, Ju ly ,  September, and 
December) i s  shown. 

The contours  of equal  e l ec t ron  d e n s i t y  a t  once revea l  t h a t  the  
maximum e l e c t r o n  d e n s i t i e s  l i e  on the  p o s i t i v e  s lope  of he igh t  as one 
nea r s  the  geomagnetic equator  from the nor th .  

The seasonal  maximum e l ec t ron  d e n s i t y  cont inues t o  occur i n  the  
months of the  equinox; however, the win te r  Nmax i s  no t i ceab ly  g r e a t e r  
than t h a t  of summer. Since the  magnetic equator  i n  t h i s  longi tude  l i e s  
south  of  the geode t l c  equator ,  one might expect  the seasonal  change t o  
be l e s s  apparent  i n  the  win ter .  

Thus, we  have examined the  two major parameters ,  Nmax and h(Nmax), 
of e l e c t r o n  d e n s i t y  p r o f i l e s  from a d iu rna l  and a seasonal  po in t  of view. 
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SECTION IV.  ELECTRONS I N  A MAGNETIC FIELD 

where B i s  the magnetic f i e l d ,  e i s  the  charge of  t he  e l e c t r o n ;  v i s  

between B and v. The fo rce  w i l l  be perpendicular  t o  the  plane.made by 
the  v e l o c i t y  components of t he  e l e c t r o n  and the  magnetic f i e l d  d i r e c t i o n  
a t  t h i s  point  (Sketch 1). 

I the  v e l o c i t y  wi th  which the  e l e c t r o n  i s  moving, and e i s  t h e  angle  

An e lec t ron  moving i n  t h e  presence of a magnetic f i e l d  w i l l  undergo 
a fo rce  due t o  the  magnetic f i e l d  provided i ts  motion is  n o t  p a r a l l e l  t o  
the  f i e l d  l i n e s  of force .  The magnitude of t h i s  f o r c e ,  F, i s  the  f a m i l i a r  
equat ion 

F = Bev s i n  8 (4) 

Sketch 1 

From elementary physics  one understands t h a t  such a f o r c e  as 
descr ibed i n  the  preceding paragraph d i r e c t s  the e l e c t r o n  i n  a c i r c u l a r  
o r b i t .  The component of t he  v e l o c i t y  perpendicular  t o  t h e  l i n e s  of 
force  (v ) causes the  p a r t i c l e  t o  o r b i t  w i th  a Larmor r a d i u s  (a) der ived  

from 
1 

mv I 

where m i s  the mass of the  p a r t i c l e  ( e l ec t ron ) .  The angular  v e l o c i t y ,  
o r  Larmor frequency (fL)  i s  determined by 

eB f = - -  - -  
L a m 
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The component of v e l o c i t y  p a r a l l e l  t o  the magnet ic  f i e l d  (v ) i s  II 
no t  a f f e c t e d  by the  l i n e s  of force  of the  f i e l d .  Therefore ,  w i l l  

cont inue t o  a c t  i n  the  d i r e c t i o n  p a r a l l e l  t o  the  f i e l d  l i n e s .  Now, t h e  
p a r t i c l e s  a r e  t rapped by the  ve loc i ty  normal t o  t h e  l i n e s  of fo rce ,  and 
move wi th  the  p a r a l l e l  component of v e l o c i t y  v as i n  Sketch 2. II ' 

I f  we assume a mechanism which w i l l  pe r tu rb  t h e  e x i s t i n g  f i e l d ,  as 
i n  Sketch 2, the  motion of the p a r t i c l e  n a t u r a l l y  evolves.  Since v may 
be r a t h e r  small, t h e  component v should cause the p a r t i c l e  t o  move 

slowly along the  magnetic f i e l d  l i n e s .  
II 

Sketch 2 

The s p i r a l  motion of a charged p a r t i c l e  r e s u l t s  i n  a magnetic 
moment whose magnitude i s  dependent upon the  area and t h e  cu r ren t .  
Since the  c u r r e n t  i = e f ~ / 2 r c ,  and t h e  area A = na', t h e  magnetic 
moment, M y  i s  

M = A i  = 1 1 2  efL a' = 112 ev l a*  

or  from equat ion ( 4 )  

(7) 

where E i s  the  k i n e t i c  energy of the p a r t i c l e  normal t o  the magnetic 
f i e l d .  
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Assuming a r e l a t i v e l y  l a r g e  f l u x  of charged p a r t i c l e s  e x i s t ,  t he  
magnetic f i e l d  may be a l t e r e d  t o  a cons iderable  e x t e n t  due t o  the  
r e s u l t a n t  magnetic moment. 
condi t ions  are such t h a t  a g r e a t  number of atoms a r e  ion ized ,  one may 
imagine how they may be entrapped. 
p a r t i c l e s  could be t rapped by the  e a r t h ' s  magnetic f i e l d  as they  undergo 
v e r t i c a l  d i f fus ion .  
o r  down, 

I f  a t  a c e r t a i n  p o i n t  i n  the  upper atmosphere 

A t  t he  geomagnetic equator  the  

Since these  p a r t i c l e s  are assumed t o  move only  up 
0, because B i s  normal t o  v a t  t h i s  po in t .  

then v l I  = 

The p a r t i c l e s  w i l l  undergo a fo rce ,  because of the  d ipo le  moment M 

.j 
F =  ( M G B )  

which w i l l  r e s u l t  i n  a d r i f t  v e l o c i t y  

(9) 

Knowing t h a t  the  geomagnetic f i e l d  g r a d i e n t  i s  d i r e c t e d  toward the  
e a r t h ,  and B i s  d i r e c t e d  n o r t h ,  t h i s  r e s u l t s  i n  a westward r i n g  cu r ren t .  

SECTION V. PRESENTATION OF THEORY 

Figure 1 i l l u s t r a t e s  the problem as dep ic t ed  by a s e r i e s  of s t a t i o n s  
along a geodet ic  meridian.  The d iu rna l  e l e c t r o n  d e n s i t y  maximum is l e s s  
a t  the  magnetic equator  than on e i t h e r  s i d e .  From equat ion  3 ,  t he  
ionospheric  con t inu i ty  equat ion,  

dN - =  q - L - d i v  ( N 3 ,  d t  

one may immediately specu la t e  t h a t  n e i t h e r  q, t h e  ra te  of product ion of 
e l e c t r o n s ,  nor L, t he  l o s s  ra te  of e l e c t r o n s ,  should be markedly d i f f e r e n t  
a t  t h e  equator than  a t  a r e l a t i v e l y  s h o r t  d i s t a n c e  on e i t h e r  s i d e .  There- 
f o r e ,  the  remaining term, d i v  (Nay must account  f o r  the  anomaly. 

Now assume t h a t  a r i n g  c u r r e n t  o r  e l e c t r o j e t  i s  s e t  up a t  t h e  200 
t o  400-km a l t i t u d e  over  t h e  geomagnetic equator .  Fu r the r ,  assume t h a t  
t h e  c u r r e n t  system i s  not  a f f e c t e d  by any ve r t i ca l  d r i f t  of t h e  
surrounding atmosphere. This  p laces  the  e l e c t r o j e t  w i t h i n  t h e  ionosphere.  
I f  t he  normal magnetic f i e l d  of the  e a r t h  Be i s  enhanced by t h e  f i e l d  
produced by the r i n g  c u r r e n t ,  B i ,  t he  g r e a t e r  f i e l d  produced may be 
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o r  us ing  Ampere's l a w  t o  c a l c u l a t e  B i ,  

+ 
where po i s  def ined  as the  permeabi l i ty  of f r e e  space,  J is the  c u r r e n t  
d e n s i t y  c a r r i e d  along i n  the  incremental volume dV, and the  d i s t a n c e  
from the  p o i n t  being considered t o  the  element volume dV i s  denoted by 
y wi th  the  sense  ?'. 

In  the  morning, as the  sun r i s e s ,  the  a p p l i c a t i o n  of photon r a d i a -  
t i o n  t o  the atmosphere quickly begins t o  ion ize  the  gas  wi th in  t h i s  
reg ion .  
b u t  when the  atmosphere does begin t o  expand,the ions which have been 
formed are  r e l u c t a n t  t o  e n t e r  i n t o  the  reg ions  of h igher  magnetic 
i n t e n s i t y  s e t  up by the  r i n g  cur ren t .  
t he  ions  and e l e c t r o n s  tend t o  s l i d e  around the  l i n e s  of fo rce  of the  
r i n g  cu r ren t .  
a r e  more heav i ly  ionized than the equa to r i a l  r eg ion  where the  r i n g  c u r r e n t  
l i es .  

The expansion of the atmosphere i s  a s l i g h t l y  slower process ,  

Since the  atmosphere must expand, 

A s  a r e s u l t  t he  regions on e i t h e r  s i d e  of the  r i n g  c u r r e n t  

By examining a s e r i e s  of contour maps, such a s  t h a t  of Figure 1, one 
immediately n o t i c e s  t h a t  the  d iurna l  v a r i a t i o n  i s  more marked i n  t h e  
summer than i n  the  win te r .  I f  one assumes t h a t  the  seasonal  v a r i a t i o n  
may be caused by the  i n t e n s i t y  of the r i n g  cu r ren t  flowing a t  the  geo- 
magnetic equator ,  and t h a t  t h i s  r ing c u r r e n t  i s  enhanced by the  z e n i t h  
ang le  of t he  sun, one may s e e  why t h i s  d i f f e r e n c e  i n  v a r i a t i o n  i s  so .  
I f  t he  r i n g  c u r r e n t  i s  maintained by a s i m i l a r  i on iz ing  process  which 
a f f e c t s  t he  ionosphere,  i t  may be seen how the  r i n g  cu r ren t  would be 
enhanced through a process such as  found i n  equat ion (1). That is ,we 
might  say t h a t  

A t  t h e  geographic meridian along which our s t a t i o n s  a r e  loca t ed ,  t h e  
geomagnetic equator  l i e s  considerably south  of the  geodet ic  equator .  
I f  i t  i s  f u r t h e r  assumed t h a t  t h i s  low a l t i t u d e  r i n g  cu r ren t  pe r tu rbs  
the  ionosphere i n  gene ra l ,  one may l o g i c a l l y  conclude t h a t  the c l o s e r  
t he  zen i th  of t he  sun is  t o  the geomagnetic equator  t h e  more a c t i v e  the  
ionosphere w i l l  be.  It is  obvious t h a t  s i n c e  the  geomagnetic equator  
l i e s  south of the geodet ic  equator ,  t he  sun ' s  zen i th  w i l l  be much c l o s e r  
t o  the  geomagnetic equator  during the win ter  s o l s t i c e  than during the 
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Summer s o l s t i c e .  Fur ther ,  s i n c e  - a t  t h i s  longi tude  - the  r i n g  cu r ren t  
i s  always i n  t he  southern hemisphere, one could expect the southern 
hemisphere to  be l e s s  seasonably v a r i a b l e .  The graphs s u b s t a n t i a t e  t h i s .  

A s  evening approaches, the photon ion iz ing  r a d i a t i o n  diminishes  
s i n c e  i t  must pene t r a t e  a much th i cke r  l a y e r  of atmosphere. A s  the 
atmosphere con t r ac t s ,  t he  ions and e l e c t r o n s  once aga in  e x h i b i t  a 
re luc tance  t o  e n t e r  t he  regions of h igher  magnetic f l u x  and tend t o  
d e f l e c t  north and south of the  geomagnetic equator .  The ions  formed 
nearer  t he  geomagnetic equator may be trapped wi th in  the  h igher  magnetic 
f i e l d  formed there .  Thus, i n  the con t inu i ty  equat ion the divergence term 
i s  probably small. I n  the evening, t he  product ion r a t e  q i s  a l s o  small 
and so the  ionosphere should be dominated p r imar i ly  by t h e  l o s s  r a t e  
term 

I n  t h i s  instance,  e l ec t rons  a r e  l o s t  t o  the ionosphere mainly by recom- 
bina t ion :  

M+ + e +M. 

Since the  recombination r a t e  i s  proport ioned t o  the  square of t he  
e l e c t r o n  dens i ty ,  t h e  l o s s  r a t e  term may be put  i n t o  the  form 

L = m2, 

where a is  the appropr i a t e  recombination c o e f f i c i e n t .  

The recombination c o e f f i c i e n t  i s  a f f e c t e d  t o  a g r e a t  e x t e n t  by 
the  proximity of  an e l ec t ron  t o  a p o s i t i v e  ion.  Within the  r e s t r i c t i n g  
region of the high magnetic f i e l d ,  t h i s  d i s t a n c e  between an  e l e c t r o n  
and an ion  is  r e l a t i v e l y  small. A s  a r e s u l t ,  e l e c t r o n s  a r e  l o s t  t o  t he  
ionosphere r ap id ly  wi th in  t h i s  region.  
time, t he  maximum e l e c t r o n  conten t  ( b x )  a t  t h e  geomagnetic equator i s  
very  much l e s s  tnan i n  the  surrounding reg ions  (Figure 1) and occurs a t  
a much higher a l t i t u d e  (Figure 5).  This e f f e c t  quickly d i s s i p a t e s  as 
the  atmosphere cont inues t o  undergo con t r ac t ion ,  and the  regions no r th  
and south of t he  geomagnetic equator  i nc rease  i n  e l e c t r o n  d e n s i t y  due 
t o  the  in f lux  of  e l ec t rons  from the  e q u a t o r i a l  reg ion .  
equator ,  the  e l e c t r o n s  r a p i d l y  descend as t h e  atmosphere con t r ac t s .  AS a 

One w i l l  n o t i c e  t h a t ,  a t  t h i s  

A t  t he  geomagnetic 
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r e s u l t  of t h i s ,  t he  nocturnal  buildup of e l e c t r o n  d e n s i t y  occurs  on 
e i t h e r  s i d e  of the  geomagnetic equator.  
thus  l a g  the  h e i g h t  contours of hax a t  t h e  geomagnetic ecpa tor .  

The r e s u l t i n g  h igh  d e n s i t i e s  

SECTION V I .  LIMITATIONS OF THEORY 

It i s  a t  once apparent  t h a t  the main ob jec t ion  t o  the  theory j u s t  
p resented  i s  the  presence of a r ing  cu r ren t  t o  enhance the  magnetic 
f i e l d  a t  a n  a l t i t u d e  of 200 t o  400 km, s i n c e  we  know t h a t  no r i n g  cur- 
r e n t  has  a c t u a l l y  been determined a t  a given a l t i t u d e  by s a t e l l i t e  
i nves t iga t ions .  Nevertheless ,  we must no t  neg lec t  the  important f a c t  
t h a t  a l ack  of such d a t a  i s  n o t  conclusive,  s i n c e  many experimental  
observa t ions  have ind ica t ed  the  ex is tence  of such a cu r ren t .  

The second ques t ion  which one would probably ask  concerns the  l ag -  
ging of the  southern nocturnal  buildup of e l e c t r o n s  behind the  nor thern .  
The only  s o l u t i o n  which i s  immediately apparent  is  the  p o s s i b i l i t y  t h a t  
the  r ap id  recombination which takes p l ace  i n  t h e  nor thern  r eg ion  c r e a t e s  
a thermal convection t rend so t h a t  ions begin flowing t o  the  southern  
r eg ion  r a t h e r  than the  nor thern .  

It would s e e m  t h a t  many important conclusions could be drawn, i f  
some d i r e c t  measurements were made i n  these  regions:  (1) The va lue  of 
T e  ( t he  e l e c t r o n  thermal k i n e t i c  energy) should be determined w i t h i n  
the  nor thern  and southern  reg ions  of noc turna l  bui ldup and compared 
w i t h  the  normal daytime Te; (2)  some simultaneous d i r e c t  probe measure- 
ments a t  the geomagnetic equator  would be extremely i n t e r e s t i n g ;  and 
(3)  f i n a l l y ,  w e  should at tempt  t o  determine the  most p reva len t  ion  i n  
t h e s e  reg ions  a t  these  times. The r e s u l t i n g  da ta  should enable  us t o  
reach  a more d e f i n i t e  s o l u t i o n  t o  the  geomagnetic anomalies. 
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T A B L E  I 

STATIONS USED IN T H E  CONSTRUCTION O F  FIG.  1-8 
(Ref .  2) 

STATION 

Washington,  D. C.  

P a n a m a  

T a l a r  a 

Huancayo  

I STATION 

LATITUDE LONGITUDE 

38.7ON 77.OoW 

9.4ON 79.9OW 

12. oos 75.3OW 

4. OoS 81.5OW 

Bogota  

C a p e  C a n a v e r a l  

Ch ic  l a y o  

La P a z  

Talara 

P u e r t o  R i c o  

T u c u m a n  

Ushuaia 

LATITUDE 

4O32'N 

28O24'N 

6O48 'S 

16O29'S 

4O34 ' S  

18O30 'N 

26O53 ' S  

54'48 ' S  

LONGITUDE 

74O15'W 

80°36 'W 

7 9O49 'W 

68OO 3 'W 

8 l o 1 5 ' W  

67O10 'W 

65O23 'W 

68O19'W 

T A B L E  I1 

STATIONS USED IN T H E  CONSTRUCTION O F  F I G .  9-12 
(Ref .  17-19) 
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